Objective: To quantify the environmental component of aetiology of overweight and obesity by examining the relationship between the degree of overweight in dogs and cats and the degree of overweight in their owners. Design: Cross-sectional study. Main outcome measures of the owners were weight, height (stature) and BMI. Of the animals, weight and divergence from ideal weight were measured by a veterinarian. Setting: Three veterinary clinics in Amsterdam, The Netherlands. Subjects: Dogs and cats, together with their owners, who visited the veterinary clinic. Dogs and cats had to be older than 1 year, and their owners had to be at least 21 years old. After exclusion, there remained forty-seven pairs of dogs and their owners and thirty-six pairs of cats and their owners. Results: We found a significant relationship between the degree of overweight of dogs and the BMI of their owners (r 5 0?31). Correction for length of ownership, gender and age of the animal, and gender, age, education level and activity score of the owner did not materially affect this relationship. However, after correction for the amount of time the dog was being walked each day, this relationship disappeared. No significant relationship was found between the degree of overweight of cats and the BMI of their owners. Conclusions: The degree to which dogs are overweight is, in contrast to the degree to which cats are overweight, related to the BMI of their owners.
During the last two decades the prevalence of overweight and obesity has increased dramatically in fast industrializing countries. Even in the USA and UK it has more than doubled (1, 2) . This trend is worrying, because overweight and obesity contribute to the aetiology of many serious illnesses like type 2 diabetes mellitus, hyperlipidaemia, hypertension, CVD, many types of cancer, gallbladder diseases and several musculoskeletal diseases (1, 3) . To stop this 'epidemic' it is important to know more about the pathogenesis of overweight and obesity, and more specifically the contribution of interacting genetic and environmental factors (4, 5) . Genetic factors are principally irreversible and have been reported to explain 50-90 % of the variance in BMI (4) . However, for the prevention and treatment of overweight and obesity, potentially reversible environmental factors are of greater interest. As the human gene pool cannot have changed drastically in past decades, it is likely that the increasing prevalence of overweight and obesity is due to changes in environmental factors (2, 6) . Probably individual attitudes and behaviour, like food intake and physical activity, which change in reaction to secular trends, play an important role (6) . In the last few decades Western society has changed into one in which people have more sedentary lifestyles and high-fat, energy-dense diets. These environmental factors are generally accepted to contribute to positive energy balance and hence to weight gain (1, 3, 5) . However, the exact impact of the environmental component on body weight has not been quantified very well.
As pets and their owners have no genetic relationship, and pets are, with regard to their food and lifestyle, dependent on their owners' attitudes and behaviour, the relationship between the weight of owners and their pets provides information about the effect of individual attitudes and behaviour on body weight. Indeed, in 1970, Mason had already demonstrated a relationship between obesity in pet dogs and the degree of obesity in their owners (7) . More recently this finding was confirmed by Colliard et al. (8) and Kienzle et al. (9) . In the present study we aimed to quantify the environmental component in the aetiology of overweight and obesity by examining the relationship between cats and dogs, on the one hand, and their owners on the other. A correlation in overweight between pets and their owners would represent the impact of environment on body weight changes and hence give a quantitative indication of the environmental component of the aetiology of overweight.
Methods

Participants
Data were collected in three veterinary clinics in different districts in Amsterdam with different socio-economic characteristics.
Inclusion criteria
Individuals who visited the veterinarian with their dog or cat were asked to cooperate in the study, in the case that they were the actual owner. The individuals needed to be at least 21 years of age, to ensure they were fully grown and would be able to decide about their own lifestyles and how they take care of their pets. The dogs and cats needed to be older than 1 year and to belong to the owner for at least 1 year. Of the 135 people who were asked to cooperate, fourteen refused because of a lack of time, because they were tired or because of serious illness of the dog or cat, which concerned them. Of the 121 pairs of owners and their pets that were willing to cooperate, thirteen did not fulfil the age criteria.
Exclusion criteria
The state of health of the owners and the pets was judged by one investigator and several veterinarians, respectively, in which the following categories were distinguished: (i) healthy; (ii) no effect on the weight; (iii) a possible effect on the weight; and (iv) an almost certain effect on body weight. Owners, as well as their pets, were excluded in cases where the health state of one of them had a possible or almost certain effect on body weight. The total number of pairs of owners and their pets screened was 108, of which fifty-seven comprised a cat and its owner, and fifty-one comprised a dog and its owner. Seven pet owners were excluded because of health-related weight changes, of which two were because of weight-influencing medication, one because of thyroid gland dysfunction, one because of pregnancy, one because of renal failure, one because of malignancy and one because of Crohn's disease. Eighteen pets were excluded for weight-influencing states of health, of which six had active infection, three refused to eat or vomited, three had thyroid gland dysfunction, two had renal diseases, two had declared weight loss and two had diabetes. After exclusion there remained thirty-six cat-owner pairs and forty-seven dog-owner pairs. The owners of pets were approached at random (in order of presentation in the waiting room of the veterinary clinic). Clinics were open only during working hours. There is no indication for any selection bias introduced by time of day.
Outcome measures
Individuals were asked to fill out a questionnaire containing questions about characteristics such as age and gender of the owner and pet, duration of ownership, level of education and activity score of the owner. Physical activity level of the owner was assessed by the Short Questionnaire to Assess Health-enhancing Physical Activity (SQUASH) (10) . With respect to the time spent walking the dog, we asked for the average usual time on a typical day in minutes per day. We asked about the body weight at the time the owner acquired the pet and we calculated the difference between this and the current body weight. There was a question about the highest level of achieved education. Education was divided into three levels of education: (i) low level, education at the lowest level of secondary school (in Dutch: VMBO); (ii) average level, education at the mean (in Dutch: HAVO) or highest level (in Dutch: VWO) of secondary school or the lowest level of professional education (in Dutch: MBO); and (iii) high level, education at a level of at least higher professional education (in Dutch: HBO) or university. Body weight and height were measured and BMI was calculated as [body weight (kg)]/[height (m)] 2 , because it has a strong correlation to the total amount of body fat (11) . The weight of the animals was measured by the veterinarian during the consultation. Because of a lack of comparable indices for pets, the veterinarian made a visual estimation of the ideal body weight of the pet, using the amount of fat visible and palpable on the ribs, vertebrae and pelvic bones. To make it possible to compare the weight of the pets, the degree of overweight (percentage) of the pet was calculated with the formula: {[measured weight (kg)]/[estimated ideal weight (kg)]21} 3 100 %.
Statistical analysis
Data were analysed using the SPSS for Windows statistical software package version 11?5 (SPSS Inc., Chicago, IL, USA). A P value ,0?05 was determined as indicating significance. The Pearson correlation coefficient (r) was used to study the correlation between the degree of overweight of the owner and that of the dog or cat. Partial correlations between the degree of overweight of the owner and that of the dog or cat were computed after correction for relevant parameters. Parameters were tested for a normal distribution using the KolmogorovSmirnov test. The study sample was too small to allow for meaningful statistical interaction between independent variables and the overweight status of the pets.
Results
The description of the study population is shown in Table 1 . A minority of pets as well as their owners were male. Body weight and BMI of dog owners and pet owners were comparable. The weight of the dog owners was stable since the acquisition of the pet, in contrast to the weight of the cat owners, which increased by 2?5 kg.
The
The relationship between the degree of overweight of pets and the BMI of their owners is presented in Table 2 for dogs and in Table 3 for cats. The degree of overweight of dogs and the BMI of their owners were correlated positively with each other, which was not the case for cats and their owners. The correlation between the degree of overweight of dogs and the BMI of their owners was weakened after correction for gender of the owner and disappeared after correction for the time spent walking the dog. The influence of the different veterinarians was studied by using regression, and none of the veterinarians had a significant influence on the correlation between the BMI of the dog owners and the degree of overweight of the dogs.
Discussion
We have demonstrated a positive relationship between the degree of overweight of dogs and the BMI of their owners that disappeared after correction for time spent walking the dog. For cats and their owners we have not found such a correlation. Variables are presented as mean and standard deviation or as number (n) and percentage. *In The Netherlands the educational system can be divided in three levels of education: (i) low level, education at the lowest level of secondary school (in Dutch: VMBO); (ii) average level, education at the mean (in Dutch: HAVO) or highest level (in Dutch: VWO) of secondary school or the lowest level of professional education (in Dutch: MBO); and (iii) high level, education at a level of at least higher professional education (in Dutch: HBO) or university.
-SQUASH: Short Questionnaire to Assess Health-enhancing Physical Activity (10) . The positive relationship between the weight of dogs and their owners has been described previously by Mason (7) , Colliard et al. (8) and Kienzle et al. (9) . It indicates that owners might apply their personal attitudes and behaviour to their pets (12) , which is supported by our finding that the degree of overweight of dogs is positively related to the duration of ownership. None of the mentioned studies examined the exact quantitative correlation.
Colliard et al. have described that increasing age of dogs is a risk factor for obesity (8) . However, in our transverse study, we could not demonstrate a significant correlation between age of dogs and degree of overweight, suggesting that the effect of the age of the pet dog is less important than the duration of exposure to a particular lifestyle.
The finding that the correlation between the degree of overweight of dogs and the BMI of their owners disappeared after correction for time spent walking the dog suggests that the shared spent energy of the dog-owner pair determines the degree of overweight of dogs as well as their owners. However, we were not able to demonstrate a significant correlation between the time spent walking the dog and the degree of overweight of the dog and owner.
That we did not find a correlation between the degree of overweight of cats and the BMI of their owners can be explained by outside activity. Cats that are allowed to go outside separately are less dependent on their owner with respect to their physical activity and food intake. Several studies have demonstrated that cats being allowed to go outside are less often overweight than cats staying inside (13, 14) . Our findings may contribute to the development of advice or interventions for the management of obesity and the prevention of overweight in man. A major advantage of the advice to get a dog and walk it regularly over other interventions by increasing physical activity is that it leads to exercise at least three times a day, every day of the week and all year round. Many exercise programmes to prevent overweight seem to fail because of the lack of urgency to comply with the exercise regimen and owning a dog may be one way to increase compliance.
There are a few weaknesses in the present study. The questionnaires were filled out by the participants (pet owners) themselves, who are conscious that an active lifestyle is healthier and desirable. An effect of this could be that the participants overestimated their physical activity and the time spent walking their dogs, which may have caused underestimation of the correlation between physical activity or time spent walking the dog and the degrees of overweight of dogs and their owners.
Another weakness of the questionnaire is that there was no question about other cats or dogs living in the same household, because their presence might influence the amount of food and physical activity the pet gets. Also, there should have been a question about whether cats are allowed outdoors or not, to find out the degree of dependence of the cat on the owner concerning food and physical activity. The determination of weight and overweight in the pets was done by different veterinarians. It would have been more consistent if one veterinarian had done all of them, to reduce the amount of subjectivity. However, after correction for the veterinarian, the correlation between the overweight of dogs and their owners' BMI was still present and none of the veterinarians had a significant influence on the found correlation between the BMI of the owners and the degree of overweight of the dogs. Concerning the veterinarians, another weakness was their awareness of the aim of the study. Seeing the body contours of the pet owners during the consultation might have biased estimations of the body weights of pets. One possibility to reduce potential bias would have been to have the measure of overweight in dogs and cats rated independently by more than one veterinarian. This was not possible for practical reasons. We have no indication that there was any differential misclassification of overweight in pets by the participating veterinarians. With respect to the dogs and the cats, it would be more consistent to compare only dogs and cats of one breed, because energy needs might differ by breed. Conducting the study only among dogs and cats that visited the veterinary clinic might have biased the outcomes, because it is possible that the owners who cooperated are more concerned about the health of their pets than the average dog or cat owner. Finally, a bigger study population would have given better results concerning the correlations in the subgroups especially since only two dogs were considered obese. Cutt et al. (15) have reviewed the association between dog ownership and adult physical activity levels, but they concluded that there is limited evidence on the physical environment and policyrelated factors that affect dog owners walking their dog. They recommend further studies on dog ownership and human physical activity levels.
In conclusion, our findings confirm that the weight of dog owners is correlated to the weight of their pet dogs. This correlation gives a quantitative indication of the impact of environmental factors such as personal attitudes and behaviour concerning food and physical activity. Getting a dog with the instruction to walk it regularly might be an effective way to prevent overweight in both the owner and the dog. Trials may be needed to firmly assess the dose relationship between length and frequency of walking and overweight status in owners and dogs.
